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Over lhc. folesccab}c  future, tbc siz,c and smrpc of s[)acccraf( missions will change. (il-amatically. No loIIg,cI will wc scc
(IIC  ]argc., cxpcnsivc, and mmplcx  spacecraft that charactcri7,cd  t})c past dccadcs, Succes s fu l  aS (hCy \VCrC, thCy
represent a technology anti approach which is not supporlat)lc  in today’s ccor]ornic  cnvironrncnt,

“1’hc  NCW Millcnrliur]l will ~cquirc  srnallcr spacccraf( with a ]I)orc focused set of mission goals and flying on-hoard
scnsols  haviag, prcally rcduccct si7c and weight and a jycatcr  range of capabili(ics. I’hc need for additional autonomy
will l)c ctc.atcd t)y the grca[cr  nurnbcr of small space.c[af[ operating and the ncc.d (o r-c.ducc the cxpcnscs  of lnission
operations.

‘1’hus tbc. c]))pllasis on ncw]y  dcvclopcd instrLlmemls  for gui(iaacc and larp,el image processing will slrcss enhancing
ins(rLln)cnt  capat)ili(ics,  n]ininli7, ing si?,c and power rwquircmcnts, ancl nlaintaining the rcli:ihility that h a s  b e e n
:icllicvcd over the past years. ‘1’oward these goals, we bclicvc [he, ncw AI’S-based generation of scnsols will plovidc
lhc b:isis for achieving tbcse goals.

Autonomous l’ointing and ‘hacking

Autonomous spacecraft missions will e.ncountcr tbmc key mission pbascs lbat will drive pointing and tracking
Icquitctl]mlls as slmwn in l;igurc 1. “1’hc firs(  phase. is cncoutitcred i[nmcdia(cly  after launch aad Ie.qllilcs  tbc tracker
I)c]p s(ahiliz,c ttlc spacecraft, point it toward the destination target, an(t verify that the orbitat rctcasc  anct tr:ijcctory
lowald tbc tal!,,e.1  arc Cxcculccl Cor-[lmly. l)uring the next phase. Il)c tracker musl  lIclp naviga(c.  Ihc spacec[af[ using
]cfcrcriccs along the way, l;inal]y, the cncountcr  phase bcp,ins and the tr-ackcr must http point science iristlrlrrlcnts at
targcls of intcrc.st and then rcpoint  the conlnlunic.ation  link for data transfc.r. I’hcsc tasks can bc accomplished wi(b
intcllip,cnt imag,c sensors that can, using A1’S tc.chno]ogy,  operate with rcduccd  power and incrc.ascd on-focal-plane
ctipahility coruparccl  to conventional CU)-basect  sensors.

r

Figure 1. Autonomous missions will typically require star ad feature trackers to
suppor[  three mission phases – l)cparturc,  cruise and cncou]iter  phases.

]n c.acl~ phase it is zinticipatcc] that conventional star field idcntifica(ion and tracking will bc carried OLII.  I’his inlplics
ttic.rl that a reasonat)]c nLrn)bcr  of sLlfficicntly  bright stars will bc available for tracking. ‘1’r:iditionaliy,  t h i s  i s
accomplislicd  witl] modcrale. field of view (I;OV) star tl-ackcm that image. a 10 10 ?() dcg[cc I;OV tt]al SC.CS  a small set





Wiltl 1])0s(  of Ihc r e q u i r e d  circLlits in)plcn)cnlcd  or)-chi]),  dlc clcc(mnics  si7,c and w e i g h t  o f  k ll-ackcr  is p,rcat]y
Icduccd. Radiation shielding mfiss is also Icctucc-d  duc to the. slnallcr clcclronics  volunw. ‘1’hc low po\\,c.r require mc.n(s
of t]}c AI’S  and JCCIUCCd  wirin:  counl catl rcducc tbcr[l]al  l o a d s , reducing cooler m]L]ircmcnts  and fultllcl  reducing

Sl)acccrafl  Illass.

‘1’hc potential for r a d i a t i o n  hardnc.ss of the. A1’S  is significantly cnhancd  o\rcr  Iha[ of the (X:]). (X3)s  a r c  inhcr-cn(ly

susccl)ti[)lc to pwton damage to [Iicir rcquilclnc.nts  fol- cl~algc. Ir;insfer in the readout process. Since Ihc A1’S is mid  oL]t
witl]o L]t It)ul{il)lc charp,  c (mnsfers,  bulk  dal]lagc  to t h e  s i l i c o n  h a s  mini[nal  cffc.ct on A I ’ S  pc.rforlnancc. Radiation
dalna~c induced dark cul-rent is of concxw for both CTl)s  and AI’S dc\~iccs. Surlacc-pi nncct 03)s al c soIncwJhat  Ic.ss

susccl)tib]c [o d a r k  cur[cnt  e f f e c t s  t h a n  t h e  A I ’ S ,  tlmugh ]cccnt dc\/clopn)cnts in l]il]l~cd-pl)otodio(ic  AI’S dcviccs ]nay
also result ill superior dark cLlrr’cnt  immunity in the A1’S.14)  ])arli curtcnt is rc.adily qLlcnchc.d in both (Kl)s and A1’,S
d c \ ’ i c e s  I)y lowcl ing Ibcil opc.]rating tc]nI)cratutc. Unlike a ~~1)  that cxpcricnccs  charge transfer pcrfolrnancc
dc:,I ada(ion k)\vcI- tcln}maturc.s,  the AI’S works well to tc.rnpmatutes  below 7’/ K.

A c t i v e  l’ixcl Sensor  l)rvclopmcnt  J’rogrcss

‘1’0  :Iccotl)t]lodatc the needs of an aotononmus mission atld to bc consistent wilh t}}c increasing ctcmand for ]owcr IIIa  SS
and powJeI il)slrl)])]cl)t:ltiol), A}’S ctevclop]]]cnts  arc, undcl way that arc directly applicable to autono]l)ous  spacccraf[
ap~llicatiolls. [l]rrcntly,  the.]-c arc  several areas of instl ulncnt clcvclol)]nc.nt areas that arc driving, A1’S designs.
(’{)111111011  to c.ach  is tllc dc,sirc to Ic,ducc  overall sensor cmnplc.xity and parl count, find to rcdllcc. sensor power dcrl)and.
(X’l)s rcquilc  a si7ablc set of control electronics and a range of suppw L p{)wc.r supply Voltages. I’hc ncl rcsLllt is a
relatively Ialgc. colnponcnt count, over and above tl]c ilna~c sensor ilsclf, that I-cquirc several ctiffcrcnt supply voltage.s,
populatin~: a circuit board with componc.nts. A much ~Ilorc desirable solution, ofl’crc.d by tbc AI’S, is to placr. the
m:ljoriiy 01 army contlol circuitry on [0 the inlagc sc.nsor itself. “1’his rcxluccs the nulnbcr  of components nccdcd in the
call)c.r  a, wl}i]e.  reducing the ovcral] power de.n)al)ds  thmu~h  l-cdllcccl  chip COUIII  and rcd Llce.d Chi[)-to-chip  intcrfacc  drive
wquilclncnts.  I;urthcr,  placing low-noise. sampling ci]cuits on-chip also rcduccs the sLlsccptibilily to external noise
SOUICCS  Often COl]I)t C, J’C.d  iI) Can)cra CiICLlit  bOar& having lnany coIllpoJ}c Jlts. l;i~UIC ~ shows a tyJ)i Cal AIX trackm.
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l~igurc  2. AI’S technology provides a path !owards a rdoccd mass and power star camera
ill it minimized volume and  profile. Jticctronics  arc simplified and  part counts  arc rcducccl.

‘i’tIc Ic alc scvcra]  cha!lc.JIgcs  i n  t h e .  dc.vclopmcnl c)f t~tc A1’S tcchno]o:,y, These include reduction of ]-cad nt)isc,
i]nploving quantuln cfficic.ncy :ind fill factor, (Ic.l]){)!)s(liitiol)  of Iar::c. fm]nat  dcvicc.s, inclcascct  radiation hadncss, a n d
()]1-cl]ip  Al){: dcvc.lol)mcnt.

Read noise (single read) has been rcduccct to bc.low 15 c-rms. In tc.st dcviccs, read noise as low as 5 c-rlns has been
(lr.lll(~]~stl:ltc:(l.  [)nc way to combal rcacl noise is to rc.d Llcc the capacitance of lhc [-cad  out ftcmting diffLlsion  neck. I’his
illcrcascs  convc.rsion gain (uV/c-) but rcducc.s  “well capacity”. l;ol-lunate.ly, 15 c-rlns noise is adcqL]atc for ]l~ost
scicl]tific a[)plicalions,

‘1’IK AI’S has a fundaincn(al  disadvantage in clcsign fill factor cornparcd  to fLlll-fran]c. CTl)s.  The fill factor of tl)c, AI’S
pixel is corllpalab]c to that of interline transfer (U)s, or about 25(%. Increasing tl)c fill fackw is ilnlmt-tant  to in]pro\rin~,



M’1’l:  and ccnlmiding  accuraq. I Iowcvcr-, i( has bc.cn discovc.rcd hat (IK ‘((it.ad” area of tbc AI’S pixc.]  tlIaI incl Lldcs
lbc lcadoLIt circuitry is  in facl rcasonab]y  l-csponsivc, a n d  nlakcs  a signit’ican(  con(l ibution to tbc ovcmll Qli of [bc
sensor, as \\Jcll as impm\~c.s  ccntloiding  accuracy, ‘f’hc  Ltsc of micl-ooptics, such as mic[olcnscs  presc.ntly  u s e d  i n
(El )s, c a n  bc Ltscd IO i]])povc elfcc[ivc fill factor  of tbc A I ’ S , S p a c e  qaalificd lnicmlcnscs  lnay bc Illol-c difficLll[ to
dc.vclop,  ]lacti side illLln~inatcd AI’S arlays Ilave been stlggcstcd, but the clcvciopmcn(  of this tccbno]ogy  is cxpccIcd
10 bc cost] y

]lllp Jo\K:d radiation hardnc.ss  throLigh tlm usc o! radiation-hard ~MOS foundric.s  is an allractivc  cicvc]optnc.nl  aJ)pIoacb,
LJSC of tl]csc foundries is also rclati\cly  expensive and progrms here is cxpc.ctcd  10 hc slow. hforc. clc\cr designs tli~t
itllpto\lc mdialion hatdncss in co]lvcnlional  (~h40S  should also bc explored.

Owcl)ip Al)(:  has been undc.r invcs[igation  :it J]’]. for onc or two ycal-s. Rc.ccnl prwgrcss  has been cncoaragi  n~ and or]-
clli]) AI)(: for 8 bit aIKl 10 bit ap]llications is  imminent . More resol Lt(ion, such as tlmt rcquircxl for ]tlany scientific
apl)licatiol]s, is  Inorc d i f f i cu l t  ( o  acl]icvc on-cl)ip w i t h  minill)a{ ch ip  arm and power,  and w,i]l ]as [Jctlin(l )OWCI

rcsolu[icrt) apl)]oachcs,

1,algcl J’ollna( AI’S detectors with sl])all pixc] sim  arc dcsimcl for many applications, I’hc Llsc of n~orc advance.d
(~h40S prx)cc.ssc.s  (c..g.  0.5 micron Icct)nology)  cnab]cs  rcaliztition  of 10 micron pixel pitcbcs and ICSS, and cnab]cs the
})[ ac.(ichl Ic.;lliz,atiol) of jne,gapixc]  AI’S formats. More arlvanccd ~M[)S  procc.ssc.s arc lCSS ]naturc  a n d  tnorc cx~wnsivc
10 ulili7c l}mn sonlcwha[ oldc.1 ploccssc.  s, ancl for now, large fortnat  iirlay dcve.topment  is bLlctgWlilililcxl, In a few
years (e.g. 2-3), ().5 nlicron ~MOS technology will bc. n~aturc and more. readily accessible. and tbc. rcaliz:ition of IaTgc
formal al-lays with slnfill pixel sizes rcaclily dcmrrnstratml.

AI’S ‘lest C%ncra

OLII initial cJltI-y  into tbc design ard tc.st  of an A1’S-basccl sensor u(iliz,ccl aa AI’S  array having a pixc.]  forlnat of 128 x
128. A ca!ncra systcm was designed wbicb was in{c.nded {o provide verification of lbc pcrfornlancc of (1K AI’S as a
stal scJIsoI  for spaccc]afl  gLlidancc applications. ‘1’hc AI’S was mountc.d on a tWO-StagC  tllcrllloc.lc.ct]”ic cooler aJld
housed in a vacuum  cavity. [)IWI  sling Ibc A1’S al Icdaccd tctn~,cr-aturm al]ov.’rd  LIS 10 c’valuate the spc.cti al sc.nsilivity
{Jf tllc. dclccl{~l-  for a wide Iar)gc of (al.gcl slats. Additionally,  tbc point sp]cad fLlnctions for stellar irll:igcs  was to be
c.vii]t]iitc.(]  in an cffor-1  to dctcr]nine  bow W C]] centmicling  algorithms would work with tbc AI’S sensot, l;ip, urc 3 shows a

star f ield illlagcd by the. 123  x 128 A1’S arl ay.

l~igurc  3. ‘J’hc Andromeda Galaxy. l~irst-light  image with a CC128 A1’~
array OJ1 the night sky. ‘J’hc camera is dcsctitwd in the text.



‘I’l Ic AI’S was OpCI:IICXl  at a clock M(C of 1 ?5 KIIz, and each pixel was digitized to 12 bits using a 1.() Nfllz, convcl-siorl
clock. Sillcc Ihc A1’S divides the iaput clock by lout [o derive the pixel ra(e., each pixel was 32 usc.c ia dulation. o r
tl)al Iilllc, 13 LISCC w a s  ad b y  t h e  A/l J for each coavcl-sion,  lcavins  19  sw to (ransfcx  e a c h  digit i?c(i p i x e l  t o  tlm host

d a t a  ac(lllisi(ioll Colllpulcr. A 12-bit parallel dti[a ttaasfcr  was used to IIIC  host conll)utcr,

Analog lmccssin~  of the APS output signal is c]uilc slr:iiglltfolwarcl. Since [hc analog pixel output of tile AI’S is fail ]y
Iligli lc\,cl, almul 1.3 volls, a rcla[ivcly  s[nall  amounl of analog :,ain is required. Refcwing  (0 liigtlrc 4, WC cn~ploycd  a
[xIlaIIcc.d difj’clcn(ial unity gain alnplificl  to p r o v i d e .  a diffcjcncc  signal fronl  the. two A I ’ S  OUIpUtS,  SI(;NO(J’I  :11](I
]{ S’1’01]’l’.  ‘1’hc following stage pmvidcd additional ~,ain and alkwc.d any ])(’ of fscls from lhc A1’S 10 bc nL]l]cd 011(. A
fasl salII1)lc and hold cilcLlil opcratiag  al unity gaia lhcn sanlplcd  the analog video using the ti[nin~ signal, I’IXIll,, as a
san)plc. s[t obc, and prcscntd  the hc,ld value to the. A/l) convcl-tcr. One s}101 llllllti\li[)r:llors wet-c used to optinlally tilllc
the. sa]nl)]c  and hold alnp]ificr to the analo:, \lidco output

-—.. — -... . _- -----  J

Figure  4. AI ’S Signal Proccssiug  Circui t ry .

‘1’hc host colaputer  provictcd the means of defining the pixel window in terms of [k)lun)n Start and Gluma Width, Row
SMIt an(i Row Wi(ith. 1,ight intcgl-atioa time was also prograll]]nable  having a range of 1 uscc to over a Ilalf of aa hour
in I usc.c sclcctioa  incrcnjcnts.  l;igure 5 shows the point sprcacl function as samplccl  by the 128 x 128 AI’S aMay. Our
next ul)gtaclc  consisted of retrofitting  the AIR dc.vice with a newer clcvicc ha\ring a 256 x 256 pixel fontlat. Opc.lr:ltioa
of (his clc\ricc is essentially the same as the carlicl  128 x 128 dcvicc in tcrlns of host conlputcl COmIIlaIIdS  and  rc.adout.
‘1’IIc  A1’S chip connection; arc shown in 1 ;igyll c 6.
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.SIippo If ltlcclronics

‘1’IJc sup]ml  c]cclronics  nccdcd 10 cffcctivc]y operate HtI AI’S ]n:iy be divided into Iwo groLtps: Video 1’1 occssi [lg and
l)i:,ilal  [’on(rol.  ‘1’hc rc.quirc.d lcatLIKcs of with circuit gtoup alc disc Llssed klow.

Video  I’t-mcssitlg  - ‘]’hc  video signal from each ac[ivc pixe] is avai]ab]c as a high-]cvcl  diffc.lential  AI’S chip oLitput,
‘1’lw  ploccssin~  clcctmnics  mnsisls  of a differcmfial  alnplificr which elill)inalcs common mode signals and a foltowinp,

Pain SIaXC  alk)winf, vi~co offset a(ljllsln~cnl  (ntlllind.  A Sample and JIold  :Inlplific.r i s  syllclltoninxi  t o  SaIIIpIe the
video si~~nal dLlring each pixel and p r e sen t  t he  bcld sarnplc  to a 12-bi(  A/l> convct [er wl]icll digit iz.cs each p i x e l
Saln])k, “1’hc digilizcd pixc] s ignals  at-c then utilid by a processor to c.xlracl guiclanm 01 sccnc inlelli}:cncc
illforlnalioll.

‘1’bc synchloniz. ins signals ncccssary to pcrfrmn  tbc A/IJ conversion arc creaIcd within the AI’S chip and furthcl
silllplity ([m t a sk  of cli~iti7.ing the. vicico clata strcalll, Our A1’S chip pmvidcs pixel, r o w ,  :Illd fl”alilC SYIIC  tO illl  OW  ,

sy[]cl]lol)iz,;ilio])”  to the vidc.o  dala,

/)igi/(i/  C.’c)///to/  - ‘1’IIc  intcrna]  con figLllation  of the AI’S chip is (ictcrmincd by the data loacicd into tlIe eight internal
rcgisie)s  (d’ the dcvicc. liach register is acccssib]c  by means of a 3-bit address and an 8-bit  clata load. I’aralnctcrs
Ioadcd consis(  of GIuInn slar(il~g locaticm and width, Row starting lc~cation and width, ancl optical integration time
inlcrval. ‘1’110s an amy of pixels to bc read out is ctcfinc.c{ by a Ioadecl rc~:istel ciala as is tbc cflcctivc  cxposLIIc tillle of
tllc a! I ay. A lo;iding stl-obc, 1 I)AIJ,  is active cluring the time that the. rc~,is[cr data is input, In tl}c. eve.nl that no rc~:istcr
da[a is loadcci, clcfaL]lt val Ljcs allow the entire AI’S ar~ay to bc readout with a nolllinal 256 count intcglation  interval. ~
})c.fau}t  va]ucs  arc ]Oadc.cl by activating the l) Ii};AU1 .’]’  inpllt Sigll:ll.

R e a d  contlol is proviclc.cl t)y the lN1” s ignal  assLln~in~, an active lc)\v sttite, ‘Ik A}’S  will mntinuc  to read sLlcc.cssive
1’] an]cs as long as tbc lN’1’  signal is in tbc logic () state. If the INT sig,nal bccomc.s  inactive cluling  tlK reading of a
fralllc, tllc current frame will finish its rcaclout and tbcn the. A1’S will c.ntcr the standby  state.

Wllilc ia the. slanclb}  state, intc.rllal confi~uration lc~istcr  par-al netcrs s}]o L1lc] bC l o a d e d . If rc~iskr  paranlctcm am
l(mdd duI inp. the till}c wltca IIIC. lNrl’  signal is active (lop,ic. 6), the AI’S will ic.sponc] to the c}lar;f:cs cluring the fralnc
readout,

‘1’l~c  ability to pmgralo tl]c A1’S device with scan window information allows a g,rc.at  deal of versatility in scannir~g, ;
illla~,cry,  c.spc.eially in star or target tracking applicaticms. I;uII al-ray scanning can lcxale features of inte.rc.st aad then
SII1:IIIC.I  SC;II~ win(]~ws  C:III  bc p]:Iccd  011 tbosc  feat Llrcs of intcles( to optinli~e the extract ion of illfoln]ation. l}iffcrcntial
S:llllpli 11:, RI} bC CIll])]OyCd  WhCI’C  SC]eCled  fCat UrCS  arC SCan  IICCi at a diffCrCDl  fl”alnc rate flonl tk I“clllaining feat~lres.  .:
l)iffcvcn(ial integration tilncs can also bc employeci to balance tbc sip,nal obtainml fmm targets of differing brightness
such as mip,ht bc cncountcrecl  in ttlc tracking of a star field.

A I’S ]’crformuncc’

111 a photo (Icllxtol’, such as an AI’S sensor, the. numbc.] of signal l)t~otc)-e.lcc[tc)l~s is null] crically cqLlal  to a fraction
(qual~tuln  cfficic.ncy)  of the numbct c)f photons that constitotc  a tllcasLlrcliIcxlt, ‘Ibis  photo-e]cctl ic pmccss  is inhcrcatly
lineal. As a Icsult,  two  fundal]mntal  relationships cat) bc used to c}cscribc  an ideal photonlctc[: 1 ) the tcnlpmal
vat iancc of’ tllc tllc.asurcd  signal is prc)po~-tional to the. mean measurccl signal and 2) the output data nlllllbcm will bc
Jwopm  tional to ttlc light exposure.

A null}bc.r c~f factors caTl disturb tt)csc rc]ationships. ‘1’tm signal chain Inay have nomlincaritics, Iittlitc.d clynamic range,
i nadcquatc  banclwidth, or otbc.r ilnpc.rfcctions. “1’bc  systcm may have sources of cx!rancous noise froltl  amplifiers 01
cxtcl-nal  sources. ‘1’here wi I I always bc. a thcrlnal SOUI-CC  of ~>l]c)to-clcctrol~s  (dark  current) although at Iowcr

: tclllpcratums  this ciark cLlrrent contribution is gcncra]ly  very small.



S(al” and cxtcIIdcd soutcc II ackcIs arc oflca tIIorc scnsilivc to sigaal c h a i n  itllpcl fcctions  [baa scic.nce i[llagiag can]cras
ot- SIWC(I a ~)botolllcle,rs bccausc dcfc.cls  CaIIIIC)t a l w a y s  t)c rcIIIovcd (iu]-iag  rca]-t imc p]occssiag. I’r’ackcls Illusl of(m)
usc low lif~l~l lc\wl source.s and imap,c position mcasurcmcnts  can bc distw tcrl by slt]all data illll)clfc.cliol]s,

1,abora[oly  tests of’ aII in]agc scasor like tbc AI’S arc in(cndcd to vc.lrify  that tk syslcm dots not iat[oducc dis[ol (ioas or
Iloisc  tbal Colltd (Ir?g,radc Ibc IIlcasul”e.rncnt 1’CSUIIS. Slatting wilb ttlc photon (o ptmtwctc.  ctron transition any coll]poacr)l
in tl]c systclll call 1X a  SOUNX  of tnCaSUJ-Ct)]CtIl dcgradatioa. “1’bc slaaciad  Iabota(ory  tests include. unifm Init y of gai a
:Il]d l)ixcl bias J])c.;is LIIcI)]ct)ls.  QLI:II)lLII]I cfficicacy  aad dark curl cnt data arc also iltllmrlaat. Sul]jcc(ivc.  analysis of tllc.
iillay,c i s  a l so  at) itnporlaat  tool fot- fil]dillg  dclcct :iad i m a g e  proccssiag  I)allc.rns. I .iaearity caa bc Ilmasurc.d b y
dctm Illiaiag Illc rclalioaship  bc(wcca exposure and siga:i]  output. Most  laboratory glade a)cchaaica]  sbut(crs  arc
suilablr  f(m obtainias  ibis data.

‘1’lw ll]c;iI1/\:ili;ll]cc data cal~ be. obtained by makir}g a SCI-ie.S of n~casurcmeats  fro]])  ii siaglc pixc]. ‘Illis appt-oacb bas
Ihc disadvaataxc. that it is difficult to hold all of tbc mcxrsurcnlcnt paramclcrs  very cons[aat during the I]ic:lsl]lclllc:llts
pcI iod, N4casulil Ig tllc RIvJS valiatioa  of  a  unifw mly e x p o s e d  area of lhc scasor b:is tbc (iisac]vantagc that spatial
val-ialioms  of sensitivity, individua]  pixel bias, tbc datk current a(id to tbc data variations. oac mctbr)(l Calculalcs tllc
diflc]ctlcc  bctwccn two successive ftaa~cs OII  ii pixel by pixel basis. l’bc RMS value. of these diffclcnces  divided by
[bc S[]UtU”C  loot of two gives a wry  accurate Incasuremcat of (1)c tctnporal noise. ‘1’bc.  Iigbt source lnust bc rcasoaably
Sl:iblc :illd uaifo] 1]1 to gcl p,ood  I“CSU](S.

‘1’IIc  ]ncaa/va]-ia]lcc  dat:i g ives  tbc s ens i t i v i ty  (clcctror]s/da(a aumbcr) f rom tbc vari:ible. ratio ar)(i  [bc systcln aoise
offset (noise for ho cxpc)surc)  from the zero cxposu~-c i ntcrccpt. ,By far Ibc lnost valuable data from Ibis mcasurc]mnt  is
tbc. cvidc.r)cc. of any ctcpartutcs  of linearity of the mean/variance data. l:or most scasm systems the systcn) noise is
stl)all and (bc pbdm  induced noise is donlinant. “J’hcrcforc,  aay dcpar[u]c.  f r o m  Iiacarity in [his clata is a scasi(ive
Itmasutc  of’ systcIII  proble. ins,
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1~’ig(lrc  7. AJ’S Type  c~2561) S ignal  l{csponsc  ].incarity,

l?igurc. 7 SIIOWS  the sigaal rcspoase liaca!ity for a]) 256 x 256 AI’S ctcvicc, I’lw dcvicc shows a ctyaarnic r;inf,c of ‘78.6
dl{ :IIKI a s:ituja(ion signal lcve.1 of 1300 IIIV.  ‘1’hc coavcrsioa  gyiia coasttirit i s  2 . 5 0  uv/c. FJ’bc rate of daI k cxirlcnt



I)aildllp  is ShOWII  ill ]Jigurc  8. ‘1’hc rate is foua(i  to be 6.5 mV/scC (2600” dscc) over intc.gmtion tilncs approacllitlg 70
WC. ‘1’llis is IOOIII tCIIIpCI-:IIIIIC  data. l~or the n~casl]lcltlcr]ts  showII,  the I{h4S  noise level was dctcr[l~illcd to l)c. 15] .8 pV
(60.7 C). ‘1’[lc dyoalllic range was ca]cl]latcd  as saturation) voltage (1 300” mV) clividcd by RMS noise Icvcl (15 1.S iIV),
‘1’llc I)(JI  l]l:iliy,ccl rc]alivc Icslwr)sc is S11OWO  in l;igurc 9.
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AI’S opt ical  ‘Jhckers

Star tracking wiib AI’S arrays  \vill k. done ia the san]c lt~anncr [IS with WI) artays. I’hclcfolc the satnc algol ilt]tlls
l]~ay lW ap]>licd.  An additioa:il stcl) lnay bc required, however, to ac+icvc the SatIN tcsLIlts :is lhc c:cJ).  l~ecausc AI’S
tcc.l)nolo~y  places an alnplific]  cilcLlit within car]] pixel, the fill factor 01 light collecting am of Ihc J)ixcl is rcduccxl.
‘1’llis Ieduccd fill facto]  will inttoduce  aa wor tmn ia ccntmict  Calcala[ion rclalcd !0 pixel gcmctry  i n d u c e d  ali:isiag.
‘1’llis Illay bc t)vcrconlc.  llllougb oflC or II1O1C  StC.JIS. l;irsl, for trackers wilt) Iovwx accLllac ‘) rcquirclllcnts it ]IIay b e
suff icient  to dc.focus  stal ilnaF,cs and calibralc.  tbc crrof [ems. l’roper choice ia pixel layout :colnc.t[y will aid lllis

sotu(ion.  Another oJ>ticm is to ~)lacc microlc.ns struct Llrcs oa (hc sal-face. of the arlay with the intent of optically

ditcc(iny, incx~ming  iigl~t into the J>l]oto-sensitive I-cgioa of the pixels. As tl]c ocrstc.d  tracker has dcJIIonst IaIcd using a
Conlltlc.lciat  inte.rlinc (I ansfcr  (XY) \vitll microlcns  strLlcturcs,  a c c u r a c y  bct(cl lhatl 5 alcsCconds  can k actlic\/ed.

I;or fc.a(ulc  tracking  applications it may be dc.sitablc. to image both a large, lwigtit and cxtcndcd Olticct, while retaining
tl]c ability to tlack background stars in the same 10V. Again a physicatty stnatl, very wi(ic l;OV Irackcr may be w e l l
suilcxl to this role. froll) the. optical  Jx)int of \~icw. ~onvcntiona]  ~~])s,  Jwwcvcr,  sLlffcl fl’orn sata[ atio]l ]itnils l!ndcr
lllcsc conditions. A rc.cm)t dcvc.lopmc.nt  in A1’S design, a regional c]cctronic shut(cr, will l]c]p this situa[ion.  IIcrc Ihc
A I ’ S  p!”ovides  a Incans  of nlakinF,  very Shml integrat ion and l-cadout scqL!cnccs oa [k bright c.xlc[]ded body, \vhilc
lnakin~ a Iongct inkgration  ol~ background stars. ‘1’hc short integration of the cxtcndcd body can be used fot feature
tracking operations, while tlm back gKmnd s(a)- imascs  arc used ia more coavcntionaJ tracking algorithms. l;igulc 10
strews an CXJ)CCtCd  futLlrc AI’S design configuration.
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Figure 10. Jhl!urc  trackers dcsigmd  around Al% arrays may look like this.

Summary and Conclusions

Wc ]mvc prcse. ntcd the results of OLIr rcccnt  work with  Ac t ive  ]’ixcl Sensors  i a  tcrltls of opticai insl[ alncnt d e s i g n ,
label-story and field tc.s(s, an(l sculsor (icvclopmc.nt  conccJ>ts. 7’hc work continues at JJ’J. as the iraI)ro\md  AJ’S devices
alc dcsig,llrd an(i become available.

‘1’Iw  Active. J’ixcl Scnso]- holds ~T,icaI Jwomisc  for future  oJ)tical  scasots  cajmble  of achic.viag a high dcglc.c of ci[cuif
intc.gra(ion on a single chip, ‘J’he possibility of incorporatirlg  optical sensing, signal Jwoccssiag, and Conllo] algoritlllns
in a sin~,k integrated ciicuit  will allow a level of instrument autonomy not prcviousty attained, ‘J’hc “Sensor Oa A
chip” cm]ccp(  aJq)car+ to be closer than ever before.

Our cad y work with AI’S de.vic.cs l~as dcmcmstratcd  their caJ~abi]itics  and Jmtcntial for a varic.t y of oJ~t ical sensors. W c
a[c iinprcsscd with the. case. of LIsagc.  and tbc rather nlinimal suJ]{mtt electronics ncccssary for operation. ‘1’hc,  rate at
which lIIc AJ’S dcviccs ale. bcin~,  u~lgradc.d and tbcir caJ~abilitics  cat~anccd is [r-u]y  remarkable. la the vc!y near fut[lre,
we will scc pixel dcasitic.s  conl]la!  able with tlm best CCIX with the addccl fc:ilures of omcllip A/J) conversion and
vcwilile  readout logic,
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